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1. introduction 
In the characterization f membrane proteins it is 
important o decide whether the proteins tudied 
possess hydrophobic domains which anchor them to 
the hydrocarbon interior of the bilayer, as in the case 
of amp~p~ic or intrinsic proteins, or whether they 
are externally bound to the membrane, as characteristic 
of hydrophilic or extrinsic membrane proteins. Charge 
shift electrophoresis introduced by Helenius and Simons 
[l ] explores the detergent binding of amphiphilic 
proteins as reflected by their changed electrophoretic 
mobility. The mobility in mixtures of Triton X-100 
and different concentrations of a charged etergent is
measured and as amphiphilic proteins form detergent- 
protein complexes containing both the neutral and the 
charged etergent (21 their electrophoretic mobility 
will be changed, in contrast o hydrophilic proteins 
which do not interact with the detergent at 
nondenaturating conditions. 
Previously we have characterized the rat brain 
synaptosomal membrane proteins Dl , D2 and D3 
with respect o their brain-specificity [3], their 
synaptosom~ membr~e loc~zation [4-61, and the 
outside localization of Dl and D2 in contrast o the 
inside localization of D3 on the synaptosomal membrane 
[7]. As a soluble antigen partially identical to D2 was 
found in human cerebrospinal &id [8], D2 might 
either be an amp~ph~c protein protruding into the 
extracellular space or a hydrophilic membrane protein 
associated to the outside of the synaptic membrane by 
ionic interactions. Those possibilities were investigated 
by charge shift electrophoresis of D2 together with 
Dl and 03, and it was found that these antigens were 
all amphiphilic. 
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2. Materials and methods 
The protein extract used as source of antigens 
during the charge shift electrophoresis was made from 
forebrains of 35 day-old female Wistar ats. The fore- 
brains were homogenized in30 vol. (v/w) of 15 g/liter 
Triton X- 100, 100 IUElliter Aprotenin, 24 mM 
barbital, 73 mM Tris, 2 mM NaNs, at pH 8.6. The 
protein-concentration in the homogenate was 3.9 g/liter 
[9,10] and the Triton X-100 concentration was high 
enough as to achieve maximal solubilization [ 1 1 ] . 
The charge shift electrophoresis was performed as 
crossed immunoelectrophoresis [ 121 with different 
mixtures of charged etergents and Triton X-100 in the 
first dimensional gels. These tirst dimensional gels 
contained 10 g/liter agarose, 10 gjliter Triton X-l 00, 
24 mM barbital, 73 mM Tris, 2 mM NaNs, at pH 8.6, 
and further different amount of the anionic detergents 
sodium deoxycholate or sodium dodecyl sulphate, or 
the cationic cetyl trimethyl ammonium bromide. Ten 
microliters of brain homogenate were electrophoresed 
for 30 min at 10 V/cm measured in that part of the 
electrophoretic plate not containing ionic detergents. 
The buffer vessels cont~ned 24 mM barbital, 73 mM 
Tris, 2 mM NaNs, at pH 8.6. 
By the second-Dimensions electrophoresis specific 
immunoprecipitates were formed orthogonally to the 
first dimensional separation. The second-dimensional 
gel contained 10 gfliter agarose, 10 dliter Triton X-100, 
1000 IUE/liter Aprotenin, 24 mM barbital, 73 mM 
Tris, 2 mM NaNa, at pH 8.6 and further 30 @l/cm2 
rabbit antiserum against rat brain synaptic membranes 
(batch anti SPM 0176). The immunoprecipitates were 
washed and stained for protein by Coomassie 
Brilliant Blue [13]. 
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The distance between the center of the application- 
well in the first-dimensional gel and the back-projection 
of the top of the bell-shaped antigen-antibody 
precipitates into the first-dimensional gel was taken as 
the mobility of the antigen. 
3. Results 
The mobilities of the antigens A9, Dl , D2 and D3 
measured in the presence of different mixtures of 10 
g/liter Triton X-l 00 with cetyl trimethyl ammonium, 
dodecyl sulphate or deoxycholate are shown on fig. 1. 
The mobilities are expressed relative to the mobility of 
each antigen in 10 g/liter Triton X-l 00 buffer without 
other detergents. 
The mobility of the water-soluble antigen A9 [ 141 
was slightly decreased by anionic detergents. Another 
water-soluble antigen A45 [7] demonstrated a simi- 
larly slightly decreased mobility. In contrast o those 
antigens, the mobilities of Dl, D2 and D3 were increased 
by charge shift electrophoresis with the anionic deter- 
gents and decreased by the cationic detergent. The 
mobilities of Dl and D2 were affected to a similar 
degree by different concentrations of the charged 
detergents in contrast o D3 which was more affected 
than those. 
The absolute mobilities of A9, Dl , D2 and D3 
measured in 10 g/liter Triton X-100 buffer were 18.0, 
10.5, 10.2 and 8.0 mm, respectively. Electrophoresed 
under the same conditions the mobility of the human 
serum beta-globulin transferrin was 10.0 mm that of 
alpha1 -antitrypsin was 18.0 mm. 
Concentrations of charged etergents higher than 
those shown on fig. 1 were also investigated but 
distortion of the immunoprecipitates of both membrane 
proteins and water-soluble proteins hindered determina- 
tions of mobilities. 
4. Discussion 
As the mobilities of the synaptosomal membrane 
antigens Dl, D2 and D3 were increased by mixtures 
of Triton X-l 00 and the anionic detergents dodecyl 
sulphate and deoxycholate, or decreased by mixtures 
of Triton X-100 and the cationic detergent cetyl 
trimethyl ammonium, interaction was thereby demon- 
strated between a hydrophobic domain on those 
antigens and the mixed detergent micelles. Such 
interactions have been found in proteins with 
specialized lipid-binding properties as albumin or 
serum lipoproteins, but much more commonly in 
amphiphilic membrane proteins [ 1,2,15] . By analogy, 
the antigens Dl , D2 and D3 must be assumed to be 
amphiphilic. This is in contrast o the results of Prat 
et al. [lo] which indicated that extrinsic membrane 
proteins were much more immunogenic than intrinsic 
amphiphilic proteins. 
The antigen A9 is watersoluble and thereby 
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Fig.1. The Triton X-100 extract of the rat brain synaptosomal membrane antigens Dl, D2 and D3 and the cytoplasmic antigen A9 
were subjected to charge shift electrophoresis in agarose gels containing, besides 10 g/liter Triton X-100, up to 2 g/liter charged 
detergent. The charged detergents were cetyl trimethyl ammonium bromide (CTA), sodium dodecyl sulphate (SDS) and sodium 
deoxycholate (DOC). For each antigen are shown the mobilities relative to the mobility without charged detergents in the gels. 
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hydrophilic. The slight decrease in electrophoretic 
mobility detected with deoxycholate and with dodecyl 
sulphate should not be explained by hydrophobic 
interactions because of the wrong polarity of the 
effect, but rather by the slightly inhomogeneous 
electrical field during the electrophoresis caused by the 
different concentrations of the charged etergents on 
the electrophoretic plate. 
Acknowledgements 
This investigation was supported by a grant from 
the Danish Medical Research Council. The technical 
assistence of Mrs Gyda Centervall is highly appreciated. 
References 
Concentrations of charged etergents higher than 
those shown on fig.1 gave distorted and diminished 
immunoprecipitates. Probably two effects were 
encountered, one effect, especially found with cetyl 
trimethyl ammonium bromide in the gels, was 
denaturation, giving no precipitate at all. The other 
effect, giving diminished precipitates with the expected 
mobility, might be inhibition of the antigen-antibody 
reaction in the second dimensional gels [ 161. This 
effect was especially found with sodium dodecyl 
sulphate in the gels. 
[ 11 Helenius, A. and Simons, K. (1977) Proc. Nat. Acad. 
Sci. USA 74, 529-532. 
[2] Helenius, A. and Simons, K. (1975) Biochim. Biophys. 
Acta 415,29-79. 
[3] Jbrgensen, 0. S. and Bock, E. (1974) J. Neurochem. 23, 
897-880. 
[4] Bock, E. and Jbrgensen, 0. S. (1975) FEBS Lett. 52, 
37-39. 
[5] Bock, E., Jbrgensen, 0. S., Dittmann, L. and Eng, L. F. 
(1975) J. Neurochem. 25, 867-870. 
[6] Bock, E. and Hamberger, A. (1976) Brain Res. 112, 
329-335. 
The mobility of D3 was more affected by the 
charged etergents han the mobilities of Dl and D2. 
As their mobilities in just Triton X-100 buffer were 
rather close, the effect may be explained by D3 having 
a relatively larger hydrophobic area than Dl and D2. 
[7] Jbrgensen, 0. S. (1976) J. Neurochem. 27, 1223-1227. 
[ 81 Jbrgensen, 0. S. and Bock, E. (1975) Stand. J. Immunol. 
4, Suppl. 2, 25-30. 
The antigens Dl and D2 are localized outside on 
the synaptosomal membrane [7] but now they have 
been shown to be anchored to the hydrocarbon 
interior of the synaptosomal membrane if not 
protruding. The antigen partially identical to D2 in 
human cerebrospinal fluid [S] may therefore be either 
a soluble form of the synaptosomal membrane D2 
released by synaptic remodelling or other degenerative 
[9] Lowry, D. H., Rosebrough, N. J., Farr, A. L. and 
Randall, R. T. (1951) J. Biol. Chem. 193,265-275. 
[IO] Prat, M., Tarone, G. and Comoglio, P. M. (1975) 
Immunochemistry 12, 9-l 7. 
[ 111 Cotman, C. W., Levy, W., Banker, G. and Taylor, D. 
(1971) Biochim. Biophys. Acta 249,406-418. 
[12] Clarke, H. G. M. and Freeman, T. (1968) Clin. Sci. 35, 
403-413. 
[ 131 Axelsen, N. H., Krbll, J. and Weeke, B. (1973) in: 
A Manual of Quantitative Immunoelectrophoresis, 
Universitetsforlaget, Oslo, Norway. 
[14] Bock, E. (1972) J. Neurochem. 19,1731-1736. 
[15] Tanford, C. and Reynolds, J. A. (1976) Biochim. _ 
processes, or it may be released by extracellular proteases. 
Biophys. Acta 457, 133-170. 
[16] Bjerrum, 0. J. and Bbg-Hansen, T. C. (1976) in: 
Biochemical Analysis of Membranes (Maddy, A. H. ed) 
pp. 378-426, Chapman and Hall, London. 
44 
